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Monocularcontrastsensitivity(CS)measurementswereobtainedin thetwo principalmeridiansof
eight constant unilateral strabismic subjects and four subjects diagnosed with alternating
strabismus.The resultsindicatedthat: (1) the CS of boththe fellowanddeviatingeyes of patients
with a constantunilateraldeviationis significantlyless than that of visuallynormaleyes at high
spatialfrequencies;(2) both the fellowand deviatingeyes reveala significantreductionin CS to
verticallyorientedgratings.This effect is frequency-specific,occurringonly at the highestspatial
frequencies;(3) the magnitudeof the orientationanisotropydid not vary systematicallywith the
degreeof amblyopia;and (4) a mildorientationanisotropywasobservedin onlythreeof the eight
alternatingstrabismiceyestested.Theetiologyof theverticaleffectis examinedwithrespectto the
role of anomalousbinocularcompetition,suppressionand abnorma~eye movements.Copyright
@1996Publishedby ElsevierScienceLtd.
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INTRODUCTION
Visually normal observers display an orientation aniso-
tropy in that sensitivityto vertical and horizontalstimuli
is usually better than for targets obliquelyoriented. This
orientationanisotropyhas been observedfor visual acuity
tasks (Campbell et al., 1966)as well as for the detection
of lines and sinusoidal gratings (Mitchel et al., 1967).
The superiority of the principal meridians over the
oblique was not observed, however, in strabismic
amblyopes (Sireteanu & Singer, 1980). Instead, visual
acuity in the horizontalmeridian was significantlybetter
than that obtained with either the vertical or the oblique.
Sireteanuand Singerreferred to the reduced sensitivityto
the vertical as the “vertical effect”.
Sireteanu and Singer suggested that the selective loss
in sensitivity to vertical contours is adaptive since the
confusion and diplopia that result from the ocular
misalignment are most pronounced when viewing
vertical targets. In addition, since vertical contours are
a strong stimulusfor both fusion and vergence responses,
it seems adaptive to suppress sensitivityto these stimuli
when such responsescannot occur due to the presence of
the ocular misalignment.This notion is strengthenedby
the findingthat the stimuliwhich are most likely to elicit
stereopsisand fusion are also the ones which may induce
clinical suppression(Schor, 1977).
The “vertical effect” described by Sireteanu and
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Singer in human strabismicsubjectswas based on acuity
measures obtained with suprathreshold square-wave
targets. However, Sireteanu and Singer did not e,xamine
several potential etiological factors that may constrain
the magnitude and nature of the vertical effect. For
example, it is unclear whether the effect varies with
stimulus spatial frequency. It has been observed that the
suppression induced by binocular rivalry in visual
normals was strongest with low-frequency gratings that
were vertically oriented (Schor, 1977; Ruddock &
Wigley, 1976). Both reports suggested that low spatial
frequency contours presented to the two eyes would
optimally stimulate stereoscopic fusion and hence such
stimuli would be most likely to trigger a suppression
response.Thus one might expect strabismicobservers to
habitually suppress vertically oriented, low spatial
frequency stimuli when continuously presented with
conflictinginput from the two eyes.
Moreover, the presence of the vertical effect may
depend on the type of strabismus.Alternating strabismic
observers with equal visual acuity exhibit a much
stronger suppression mechanism than do strabismic
subjects with a long-standing amblyopia (Gunpos et
al., 1989).Thus one could predict that if the suppression
mechanism is’responsible for reduced sensitivity to the
vertical meridian then this effect may be stronger in
alternators than in constant deviators with a long-
standing amblyopia.
Our objectivesin the present studywere to examinethe
following:
1. The spatial frequency range of the vertical effect in
subjectswith a unilateral, constant strabismus;
2. The relationship between the depth of amblyopia
and the magnitude of the vertical effect;
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TABLE1.Clinicaldataforconstantstrabkmicpatients(Nos1–8) andstrabismicalternators(Nos9– 12)
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3. The presence of the effect in subjects with an
alternating strabismus, and;
4. The magnitudeof the effect in the fellow as weIIas
in the deviating eye of constant strabismicsubjects.
We observed that the contrast thresholds of subjects
with a constant, unilateral strabismusdisplay an orienta-
tion anisotropythat is in fact, spatialfrequency selective.
The vertical effect was present in both eyes of these
observers, although the effect was considerablyreduced
in the fixating eye. Finally, we observed a vertical effect
in only three of the eight alternating strabismic eyes
tested. These results are discussed in light of the
constraints they place on potential mechanisms under-
lying the vertical effect.
METHODS
Subjects
Visually normal observers. Contrast sensitivity (CS)
measurementswere obtainedfor two controlgroups.One
group comprisedpaid studentvolunteersfrom the Illinois
College of Optometry (n= 12). These students were
randomly chosen to serve as controls for the strabismic
subjectswho were also students enrolled at the College.
The second control group was randomly selected from
volunteerclinic patientswho had been seen at the Illinois
Eye Clinic for routine examinations(n= 10). This latter
group was selected to serve as a control group for
strabismic patients obtained from clinic records.
Although the student group probably had more experi-
ence making psychophysicaljudgments, there was no
statistically significant difference between the CS data
obtained from the two groups (F= 0.089, P >0.05).
Therefore the data were combined into one controlgroup
(n= 22) with a mean age of 26 yr and a range from 19 to
39 yr.
Subjects were classified as visually normal if the
following criteria were met: refractive error <4.00 D of
myopia or hyperopia; <1.00 D of astigmatism or
anisometropia;best corrected visual acuity of 20/20 or
better in each eye; no strabismus;good stereopsis;normal
color vision and no ocular pathology.
Strabismic observers. Twelve strabismic subjects
participated in this experiment. The ocular deviation in
eight of these patients was classified as constant and
unilateral. The remaining four were diagnosed as
constant alternators. Clinical orthoptic data for these
subjects are presented in Table 1. All patients were
examined by one of us (SAC).
Apparatus
All CS measurements were obtained with a Nicolet
CS200 automatedCS tester. This unit consistsof a video
monitor controlled by a 6502 microprocessor. The
computer generated achromatic vertical sinusoidal grat-
ing patterns. The unit was self calibrated by a built-in
photometer (mean luminance of 75 cd/m2). For this
experiment the video monitor was modified by the
addition of a Plexiglas annulus that masked the viewing
screen so that it subtended5 x 5 deg. Horizontalgratings
were produced by rotating the masked video monitor
90 deg. The laboratory room was dark during testing
except for tungsten lamps used to rear illuminate the
Plexiglas screen. The luminance of the annulus was
measuredwith a TektronixJ16 luminanceprobe and was
adjusted to match the mean luminance of the video
monitor.The finalmatch between annulusand screenwas
donevisually.For all CS measurementsthe subjectswere
seated 3 m from the screen and dark adapted for about
10 min. All subjects were best corrected during the
testing procedure if necessary.
Procedure
Subjects were presented with six spatial frequencies
(0.5, 1,3,6, 11.4 and 22.8 c/deg) i a r s
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The sinusoidalgratings were presented in one of two, 1
sec temporal intervals. Subjects indicated their choice of
the interval containing the grating pattern by pushing a
two-positionswitch attached to the microprocessor.The
computer-drivenprogram initially presented the grating
at a suprathresholdlevel and decreasedgrating contrast if
the subject chose the correct interval. The tracking
program decreased the contrastfor each correct response,
and increased the contrast after two successive incorrect
responses.The resultingcontrastthresholdwas definedas
the contrast necessary for correct detection 7590 of the
time. Given that the contrast response function of the
video monitor was not linear above 5090,CS <2.0 could
not be measured.The order in which the eyes were tested
was randomized, as was the orientation of the grating
pattern.A single trial consistedof a practice run followed
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by threshold determinations for six spatial frequencies.
Two trials were run per session and all subjects were
tested for at least two sessions. Each session typically
lasted several hours. Practice data were not included in
data analysis.
RESULTS
Contrastsensitivi~ in the deviating eye
The pattern of sensitivity loss in the deviating eye of
the eight strabismic subjects with a constant unilateral
deviation varied greatly. Given the many obvious
differences between the strabismic eyes (such as direc-
tion and magnitude of the deviation, fixation status,
acuity,etc) there was littlejustificationfor combini gthe
data from these eyes. Hess and Howell (1977) classified
the loss of CS in the deviatingeyes of strabismicsubjects
in one of two ways; the amblyopes exhibited either an
overall loss in sensitivitythat occurred across all spatial
frequenciesor they exhibiteda lossconfinedto the higher
spatial frequencies.These authors defined the sensitivity
loss for each subject with respect to the fellow eye.
According to this dual classificationscheme, three of the
eight constant, unilateral strabismic subjects in the
present experiment exhibited an overall sensitivity loss,
three out of eight exhibited a high spatial frequency loss
only, while the remaining two subjects revealed no
particular pattern of sensitivityloss.
Contrastsensitivity in the fellow eye
The CS of the fellow eye (filled squares) versus
visually normal control subjects (filled triangles) is
plotted in Fig. 1. The lines indicate plus and minus one
standarddeviationof the mean obtainedfor the 22 control
subjects. It is apparent that sensitivity in the fellow eye
was reduced by about 0.3 log unit at the highest spatial
frequencies.
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According to a two-way split-plotanalysisof variance, Only two of the eight fellow eyes tested produced CS
these differences are statistically significant (F= 7.98, functionsentirelywithin normal limits (SB and DK). The
P =0.008). It is also evident that the averageCS obtained remaining six fellow eyes had contrast thresholdsbelow
from fellow eyes falls within the range of normal limits, normal limits for at least one spatial frequency, usually
although the individual eyes exhibit great variability. more.
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Effect of grating orientation
The effect of grating orientationis plotted in Fig. 2(A)
(right eye) and (B) (left eye) for the visually normal
control subjects.
A three factor within-groups analysis of variance
revealed that there is no significant difference between
eyes (F= 0.345,P >0.05) nor is there a significanteffect
of orientation, as expected, for these normal observers
(F= 0.587, P> 0.05).
The effect of grating orientation is illustrated in Fig.
3(A)-(H) for each of the eight subjects with a constant,
unilateral deviation. Data in this figure are for the
deviating eyes. The shaded area in each figure again
represents the normal limits of CS as definedby plus and
minus one standard deviation of the mean obtained from
the control group.
Inspection of these data from individual strabismic
eyes reveals two main findings. First, seven out of the
eight deviating eyes exhibited a vertical effect in that
sensitivity to horizontal gratings was superior to that
obtained with vertical gratings for either one or both of
the two highest spatial frequencies. Only observer SB
failed to exhibit any evidence of a vertical effect. The
difference in sensitivitybetween vertical and horizontal
gratings varied from 0.3 to over 1 log unit between
observers.The magnitudeof the vertical effect is listed in
Table 2 for the deviating eyes of these subjects.
Quantificationof the vertical effect is described below.
Secondly, these data indicate that the superiority of
horizontal gratings is consistently observed only at the
highest spatial
below.
frequencies. This is discussed in detail
Figure 4(A)-(H) illustratesthe CS data obtained from
the fellow eyes of the eight subjects with a constant
unilateral deviation. The two trends exhibited by the
deviatingeyes are also observedhere, althoughto a lesser
extent. Note that six out of the eight fellow eyes reveal
the presenceof a vertical effect (observersSB and DK do
not) and that the superiority of horizontal gratings is
again mainly limited to higher spatial frequencies. The
magnitude of the vertical effect as a function of spatial
frequency is also listed in Table 2 for the fellow eyes.
The mean CS data for deviating and fellow eyes as a
function of orientation are plotted in Fig. 5(A) and (B),
respectively. Note that the averaged CS data for both
fellow and deviatingeyes falls within normal limitswhen
measured with horizontal gratings, despite the large
individualvariability evident in Figs 3 and 4, CS in the
deviating eye obtained with vertically oriented gratings,
was below normal limits for the two highest spatial
frequencies tested. These averaged functions emphasize
the frequency-specificnature of the vertical effect.
In Table 2 we have quantifiedthe vertical effect as the
log ratio of horizontalto vertical sensitivitiesobtained at
each spatial frequency for each eye. The mean values
obtained for the deviating eyes indicated that CS is
increasedwith horizontalgratingsby about0.5 log unit at
11.LIc/deg and by over 1 log unit at 22.8 c/deg. There is
no observable effect at the lower spatial frequencies.
Similarly,in the fellow eyes there is a negligibleeffect of
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orientation except at the two highest spatial frequencies, (z= –2.24, P< O.05) and non-deviating (z= –2,24,
where the log ratio of horizontal to vertical sensitivityis P <0.05) eyes.
0.5 log unit. These differencesin sensitivityas a function The frequency specific nature of this effect is
of orientation were statistically significant according to illustrated in Fig. 6(A) and (B) for deviating and fellow
the Wilcoxon signed-ranks test for both deviating eyes, respectively.The vertical effect was defined as the
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largest log ratio of horizontal to vertical sensitivity
observedat 11.4 and 22.8 c/deg for each eye. Both Fig. 6
and Table 2 indicate that 13 out of 16 eyes have ratios
>0.3 log unit. Observers SB (both eyes) and DK (fellow
eye) had maximum ratios <0.3 log units and so were
classified as having no vertical effect.The relationship
between the magnitude of the vertical effect and visual
acuity is examinedin Fig. 7(A) and (B) for both deviating
and fellow eyes, respectively. The magnitude of the
vertical effect was quantifiedas described above. Visual
acuities were obtained with a Snellen chart. While it is
true that some deviating eyes with poor acuity exhibit a
large vertical effect [Fig. 7(A)] other eyes with poor
acuity exhibit a relatively small effect. A trend relating
these two variables is not evident for either the deviating
or the fellow eyes. This is particularly obvious for the
fellow eye, where the same decimal acuity (1.0) is
associated with great variation in the magnitude of the
vertical effect [Fig. 7(B)].
The vertical effect in alternatingstrabismicobservers
We also examinedCS and orientationeffects in the two
eyes of four observers diagnosedas constant alternators.
The effect of gratingorientationin these eyes is plotted in
Fig. 8(A)-(D) (right eye) and Fig. 9(A)–(D) (left eye).
Quantificationof the vertical effect was determined as
described above for the constant unilateral strabismics.
The log ratios of horizontal to vertical sensitivities are
listed in Table 3 for each of the eighteyes.Analysisof the
results averaged across subjectsreveals that overall there
was no increase in CS observedwith horizontal gratings
at any spatial frequency. Analysis of individual data,
however, exhibited some variability. Subject DN, for
example, exhibited a vertical effect in both eyes.
However, the remaining three alternating observers
exhibited no effect of g o ro C
DISCUSSION,.
The results of this study indicate that subjects with a
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constant unilateral strabismus display a significant
orientation anisotropy as measured by contrast thresh-
olds. This anisotropy was present in both eyes of
strabismic subjects with a constant unilateral horizontal
misalignmentalthough the magnitudewas greater in the
deviating eye (mean effect was 1.3 and 0.5 log units,
respectively). In addition, the results indicate that this
effect is frequency specific, occurring only with the
higher spatial frequencies tested. This finding is in
agreement with Sireteanu and Singer’s (1980).report of
an acuity orientationanisotropyobtainedfrom strabismic
amblyopes. These resuIts differ from those reported by
Sireteanu and Singer in that we did not find any
correlation between the depth of the amblyopia and the
magnitudeof the vertical effect.
Data from the present study indicatethat the strabismic
observers with a constant unilateral deviation exhibit a
vertical effect even when amblyopiais not present. In this
context it is interesting that a significant decrease in
sensitivity to vertical targets was reported for the
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deviating eyes of two monkeys reared with surgically
inducedexotropia(Harwerth et al., 1983).Harwerth et al.
concluded that the vertical effect cannot be a general
consequenceof amblyopia since it was not present when
the amblyopia was induced by either optically induced
anisometropic or via bilateral lid suture. We have also
observed the lack of a vertical effect in human
anisometropic subjects (Kelly et al., 1990). Thus the
vertical effect seems to be related specifically to the
misalignment of the visual axes and not the presence of
amblyopiain general. This is consistentwith the fact that
several of the non-amblyopic subjects in the present
study demonstrated a robust vertical effect. We note,
however, that the sample size for both human and animal
studiesinvestigatingthe vertical effectwas small, and the
relationshipbetween visual acuity and the vertical effect
should be further investigatedwith a larger sample.
While we have observed the vertical effect to be
bilateral in nature, Sireteanu and Singer only observed
the effect in the deviating eye (1980). The fellow eyes
tested in their study exhibited the usual reduction in
sensitivity to oblique orientations and roughly equal
sensitivities to the two principle meridians. The vertical
effect in the two exotropicmonkeyswas also observedto
be limited to the deviating eye (Harwerth et al., 1983).It
is possiblethat the magnitudeof the vertical effect in the
fellow eye is small enoughto be maskedby differencesin
methodology(in the earlierhuman studya suprathreshold
measurementwas taken)or the type and magnitudeof the
strabismus.It is also evident that there is great variability
in terms of the magnitudeof the effect across observers.
Any explanationof the vertical effect will necessarilybe
constrained by these observations. We have outlined
below three potentialmechanismswhich may play a role
in the etiology of the vertical effect and stress that they
are unlikely to be mutually exclusive.
Abnormal binocularcompetition
The presenceof an ocularmisalignmentinterfereswith
the transmissionof binocularly correlated signals in the
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visual pathway. In reviewing the results obtained from
surgically induced animal models of strabismusChino et
al. (1991) summarized the neural deficits that have been
observed when correlated binocular input is missing:
1
2.
3.
Single cortical neurons innervatedby the deviating
eye often exhibit lower spatial resolutionrelative to
cells driven by either the non-deprived or control
eyes;
Fewer cortical neurons are excited by the deviating
eye than the fixingeye thus resulting in a shift in the
ocular dominancedistribution,althoughthis has not
always been observed; and
Some studies have noted that cells in the lateral
geniculate nucleus (LGN) innervatedby the deviat-
ing eye also have reduced ,spatialresolution.
Of particular importance to the present study is the
observation reported by two laboratoriesthat cats with a
surgically induced strabismusshow a decreased encoun-
ter rate of cortical cells optimally tuned to the vertical
(Cynader et al., 1984; Singer al., 1979). This
observation was also reported in cats reared with an
optically induced strabismus(Chino et al., 1991).
Sireteanu and Singer observed that the loss of cells
optimallytuned to the vertical in strabismiccats night be
adaptive, in that cortical cells tuned to horizontal
disparitiesare the very ones most in need of suppression
if the negative effects of confusionand diplopiaare to be
avoided. The mechanism by which these vertically
oriented cells are actually lost is not known, but it has
been postulatedthat uncorrelatedsignalsbetween the two
eyes can initiate anomalous binocular interactions that
may be inhibitory in nature, and that these anomalous
interactionsmay permanentlyaffect the neuroanatomical
development of the cortex. These changes apparently
require a finite period of time, for Chino et al. (1991)
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found that if the disruption in binocularly correlated
signals is too short to cause a permanent disruption of
cortical binocularity then the encounter rate of vertically
tuned cortical cells was normal.
The notion of anomalous binocular competition is
attractive, for the anomalous interactions in single
cortical neurons probably extend not only from the
deviating to the non-deviating eye but in the reverse
direction as well, thus offering an explanation for the
bilateral effects observed in Chino and associates’(1991)
study.The experimentalresultsobtainedfrom cats reared
with an opticallyinducedstrabismusalso revealedthat no
vertical effect was present if the eye contralateral to the
optically induced strabismic eye was sutured. In other
words, disruptionof binocularly correlated signals alone
was not enough to cause a vertical effect; but rather
disruptionwith at least some competitionfrom the fellow
eye was required.Perhaps a similarexplanationunderlies
the resultsobtainedwith alternatingstrabismicobservers;
again, there is a disruption of binocularly correlated
signalsbut in this case the competitionis such thatneither
eye is at a competitive advantage.
Role of suppression
As pointed out by Ciuffreda et al. (1991) a slightly
different type of abnormal binocular interaction that is
widely discussed in the clinical treatment of strabismus
involves the continuousor active suppressionof one eye
over the other. This suppressionis presumed to alleviate
the distressof the confusion and diplopia induced by the
ocular misalignment. While both anomalous binocular
competitionand suppressionare probably involvedin the
etiologyof amblyopia,the role of suppressionis not clear
with regard to the etiology of the vertical effect. If active
suppressionwere to mediate this effect, then one would
expect suppressionof the deviatingeye to be triggeredby
vertical targets of intermediate spatial frequency, since
these targets are most likely to trigger fusion and
stereopsis, and have been most effective in triggering
suppression during binocular rivalry in visual normals
(Schor, 1977; Fahle, 1983). Since fusion and stereopsis
are unlikely to be accomplished in the presence of a
strabismus, the adaptive mechanism of suppression
presumably is stimulated.However, Schor observed that
the fixating eye in strabismic observers was dominant
regardless of the spatial frequency differences between
the two eyes (1977).Holopigian (1989) reported that the
amount of suppression induced by the fixating eye was
independentof either the strengthor the spatialfrequency
of the inducing stimulus. In addition, suppressionof the
amblyopic eye has been observed to be independent of
the target orientation presented to the fkating eye
(Holopigian al., 1988).
The clinicalnotionof suppressionin and of itself, does
not seem able to explain either the bilateral nature of the
vertical effect nor its frequency specificity. However,
suppressionand anomalousbinocularcompetitiondo not
function as independententities. They are interrelated in
a complex fashion that is likely to depend upon the
magnitude and type of ocular misalignment as well as
other importtmtvariables such as the age of onset of the
ocular misalignment and the refractive status of the
fixating eye. The role of these two related but distinct
mechanismsin the etiologyof the vertical effect remains
unclear.
Role of eye movements
Another importantpossibilityto consider, however, is
the role that anomalouseye movements may play in the
generation of the vertical effect. Amblyopes typically
display either unsteady or eccentric fixation (Schor &
Hallmark, 1978; Hess, 1977; Brock & Givner, 1952) as
well as irregular eye movements (Schor & Flom, 1975;
Schor, 1973). These have been observed in both the
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fellow as well as the deviatingeye of strabismicsubjects
(Fukai et al., 1976).Difficultieswith either central steady
fixation or saccadic eye movements could reduce
sensitivityto verticallyorientedstimulidue to a smearing
of the retinal image. The high spatial frequencieswould
be particularly affected by such blur. An orientation
anisotropy due to anomalouseye movementshas in fact
been observed in congenital nystagmats such that
sensitivity to horizontal gratings is superior to vertical
gratingswhether they are drifting or stationary(Abadi &
Sandikcioglu, 1975). The threshold CS functions for
congenital nystagmats shows, in addition, the same
spatial frequency selectivity observed in the present
study; that is sensitivity to high spatial frequencies is
markedly reduced when the grating pattern is orthogonal
to the anomalous eye movements (Dickenson & Abadi,
1992).
It has been reported, however, that even in cases of
congenital nystagmus the decrease in sensitivity to
vertical stimuli of high spatial frequency is not due to
retinal image blur alone. Abadi and King-Smith (1979)
observed that when eye movements were minimized by
presenting very brief targets, the sensitivity loss to high
frequency vertical targets decreased but was still
significant. The authors interpreted this finding to
indicate that retinal image blur alone cannot be
responsible for reduced sensitivity to vertical gratings
and that underlying neural mechanisms must be ad-
versely affected by the large involuntaryeye movements
habitually made by these subjects.
While it is possible that irregular eye movements and
or unsteady fixation play a part in the generation of the
vertical effect, several factors indicate that anomalous
eye movementsmay simply exaggerate a sensitivityloss
already present. First, it has been reported that the
monocular deficits in CS obtained from the deviating
eyes of strabismic amblyopeswere not eliminated when
the retinal image was stabilized (Hess, 1977). If
anomalous eye movements cause a blurring of high
spatial frequency, vertical targets and hence a reduction
in CS, then one would expect an increase in CS in the
absenceof such retinal image displacement.This was not
observed. Secondly, while three of the four subjects in
our study with unsteadyfixationgenerated large ratios of
horizontal to vertical sensitivity (DK ML and DL; see
Table 2 data for deviatingeye) there were otherobservers
with central, steady fixation who also exhibited a large
vertical effect (e.g. TA and RS). There was also one
observer with unsteady central fixation who exhibited a
log ratio of 0.39 at 11.4cldeg and 0.08 at 22.8 cldeg
(subject JC). There does not seem to be a correlation
between the steadiness of fixation and the magnitude of
the vertical effect. This is particularly evident with
respect to the fellow eye (Table 2). Finally, it has been
reported that if the fellow eye of a surgically induced
strabismiccat (i.e. the non-deviatingeye) is monocularly
deprived, then the vertical effect is absent (Chino et al.,
1991), Since ocular motility in the deviating eye is
probably abnormal whether the fellow eye is patched or
not, it seems unlikelythat anomalouseye movementsare
the critical factor responsible for generating the vertical
effect.
Our data do not allow us to parcel out the relative
importance of either anomalous binocular interactions,
prolonged diplopia-induced suppression and/or eye
movement anomaliesto the developmentof this orienta-
tion anisotropy. It seems likely, however, that the
abnormal binocular development imposed by a strabis-
mus will not only result in variousneural deficitsbut that
an additionalloss in sensitivitymay be superimposedon
theseneuraldeficitsdue to unsteadyfixation.The relative
contributionof each of these mechanismsto the etiology
of the vertical effect needs to be further investigated.
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